Abstract: Hip arthroscopy has become increasingly popular over the past several years as the techniques have evolved to be able to address both the peripheral and central compartments of the hip. The main indications for hip arthroscopy 10 years ago were diagnostic and debridement procedures such as removal of loose bodies, labral resection, synovectomy, and cartilage debridement. Advances in this field have now expanded to include reconstruction and repair of the labrum, recontouring of the acetabulum and head-neck junction, cartilage salvage, and repair and releases of the tendons around the hip joint. We detail in this article chondral injuries that occur in the hip joint and arthroscopic procedures to address these issues. We routinely perform chondroplasty in cases where there is a partial thickness tear of articular cartilage. Full thickness defects are addressed with microfracture which follows closely the guidelines established for the knee. As our understanding of chondral injuries and their causes grows, future efforts will focus on prevention.
C
hondral injuries of the hip can be an elusive source of joint pain. Although radiographic diagnosis is improving, even gadolinium-enhanced arthrography is limited in its ability to reliably show the presence and extent of these lesions. 1 This may be explained by the static nature of imaging the joint and lack of distraction. More recently, however, delayed gadolinium-enhanced magnetic resonance imaging (MRI) of cartilage has been in use to delineate chondral damage within the hip with good success. 2 Chondral injuries of the hip can be observed in a variety of hip disorders and can result from either an atraumatic or traumatic etiology. These hip disorders include loose bodies from Perthes or other chondrodysplasias, hip instability or dislocation, osteonecrosis of the femoral head, slipped capital femoral epiphysis, hip dysplasia, femoroacetabular impingement (FAI), and degenerative joint disease, amongst others. Chondral injuries can be acute, chronic, or degenerative and may involve a full or partial thickness lesion.
Hip arthroscopy has become increasingly popular over the past several years as indications have shifted from a diagnostic tool to a therapeutic one. It is known that articular cartilage defects have limited healing capacity regardless of the acute, chronic, or degenerative nature of the injury. 3 As such, the role of hip arthroscopy is shifting in some regards to the prevention of articular cartilage injuries as observed in FAI. However, the treatment of existing cartilage injuries of the hip has mainly been adapted from studies on the knee. These techniques include chondroplasty, abrasion arthroplasty, osteochondral drilling, osteoarticular autograft or allograft, hemicap resurfacing, 4 autologous chondrocyte implantation (ACI), or microfracture. [5] [6] [7] With the exception of osteoarticular grafts, these techniques produce a fibrocartilage and not a true articular cartilage surface. The use of ACI and osteoarticular grafting has only been described using open procedures. 8, 9 The microfracture technique of the knee as described by Steadman et al [10] [11] [12] has becoming increasingly popular as a preferred treatment method for chondral defects with good results. Microfracture is a marrowstimulating procedure that brings undifferentiated stem cells from a subchondral perforation into the chondral defect. A clot formed in the microfractured area provides an environment for both pluripotent marrow cells and mesenchymal stem cells to differentiate into stable fibrocartilaginous tissue.
CHONDRAL INJURIES Loose Bodies
Loose bodies are free-floating fragments usually of cartilage, and arthroscopic removal of these loose bodies has been one of the classic indications for hip arthroscopy. These loose bodies can originate from either traumatic injury, degenerative changes, or other disease processes such as Perthes, spondyloepiphyseal dysplasia, or osteonecrosis. Loose bodies are commonly found in the posterior aspect of the central compartment and/or in the peripheral compartment, especially in the posterior and medial femoral neck region.
Osteonecrosis
Osteonecrosis of the femoral head can give rise to loose bodies and articular cartilage defects. Hip arthroscopy can be useful for the removal of the associated loose bodies, chondroplasty, or microfracture of the articular cartilage and drilling on the avascular zone under direct visualization. 13 Byrd and Jones 14 treated 4 patients with avascular necrosis of the femoral head and reported the worst results in 3 patients with the most advanced necrosis.
Osteochondritis Dissecans
Osteochondritis dissecans of the hip joint has been reported in the femoral head and the acetabulum. [15] [16] [17] [18] Hip arthroscopy can be used to remove the osteochondral fragment and debride and/or drill the resultant lesion. This disease is rare and the successful treatment with hip arthroscopy was only reported in few case reports. 15, 17 
FAI
Two different types of FAI are recognized, cam and pincer, which lead to characteristic cartilage injury patterns. 19 Cam impingement results from pathologic contact between an abnormally shaped femoral head and neck with a normal acetabulum. As the hip flexes, particularly in internal rotation, this abnormal region of the proximal femur contacts the acetabulum. The resultant shear forces causes acetabular cartilage damage, including delamination (termed the carpet or wave phenomenom 20 ) and frank grade IV chondromalacia. In severe cases of cam impingement, the labrum will become torn. The location of cartilage injury is the anterosuperior region of the acetabulum. 19 Pincer impingement is a result of abnormal contact between the acetabular rim which is either anteriorly localized (acetabular retroversion) or generally deep (coxa profunda or acetabular protrusion) with a typically normal femoral head-neck junction. Repeated compressive forces in this area lead to failure of the acetabular labrum. The base of the labrum tends to develop intralabral ganglions or ossifications. The region of chondral injury is more shallow than that of strict cam impingement, but usually encompasses a more global rim around the superior acetabulum. 21, 22 Repeated impingement of the anterior femoral head on the acetabulum results in a moment arm on the posteroinferior acetabulum and the so-called ''contre-coupcartilage'' injury of the posteroinferior acetabulum. 19 
HISTORY AND PHYSICAL EXAMINATION
The history and physical examination of the hip is the most useful and effective way to diagnose and treat hip disorders. The clinician must be able to determine the frequency, severity, location, inciting factors, and radiation of symptoms. Mechanical symptoms such as clicking and locking can be seen with labral tears, audible snapping may be associated with coxa saltans interna or externa. Factors that exacerbate or relieve the symptoms and whether the symptoms are chronic or acute can aid in the diagnosis. Intra-articular hip pain usually presents as groin pain and may radiate to the anterior thigh, although patients describe pain on the lateral thigh or even buttocks, oftentimes placing their hands cupped over their greater trochanter, the ''C-sign.'' 23, 24 Pain from lateral thigh and buttocks must also be investigated for a neurogenic cause. 25, 26 Unless the chondral lesions are in the form of loose bodies, pure chondral injuries may not present with much pain or symptoms as cartilage does not have nociceptive receptors. However, synovial irritation from chondral damage would present as a painful hip.
The physical examination should be thorough. The patient's gait should be noted and any leg-length discrepancies assessed. Examination of the lumbar spine including motor function, sensation, range of motion, reflexes, and straight-leg raises must be performed to rule out lumbar spine pathology as the cause of symptoms. The hip examination begins with palpation of bony prominences about the hip and assessment of range of motion. Sideto-side differences should be noted as they may indicate areas of pathology. Clicking, catching, or other mechanical symptoms during the examination should be noted. Although chondral injuries may be associated with mechanical symptoms, there is no specific examination maneuver to assess for them. The impingement test should be performed in the supine position.
IMAGING
Plain radiographs are the most useful imaging tool for the initial evaluation of hip complaints. Radiographs can show degenerative changes, bony lesions, dysplasia, the presence of osteochondral loose bodies, and impingement. Radiographic evaluation should include an anteroposterior (AP) pelvis, a lateral radiograph, and false profile views. Although there has been shown to be no difference in weight-bearing surface of an AP pelvis taken supine versus standing, 27 a standing AP pelvis can accentuate evidence of mild dysplasia. Furthermore, morphologic change of the acetabulum such as retroversion, coxa profunda, and protrusion acetabuli can be identified. The lateral radiograph is useful for examination of the anterolateral head-neck junction whereas the false profile views give information about anterior coverage of the acetabulum. In addition, computed tomography can be performed to aid in diagnosis.
Although an MRI allows improved visualization of the soft tissues, early degenerative changes, and osteonecrosis, 28 it has been shown earlier that plain MRI does not accurately identify labral or chondral defects, although there are newer imaging protocols that are more capable. 29, 30 MRI arthrogram can allow for improved visualization of intra-articular structures. 31 Dilute gadolinium is injected into the hip, which distends the capsule and allows better visualization of the articular cartilage and labrum. Chondral lesions can be better visualized when the cartilage defect is outlined by gadolinium. Keeney et al 31 compared MRI arthrogram with arthroscopy of the hip and showed that the MRI arthrogram detected 76% of the acetabular labral tears whereas detecting only 62.7% of the articular cartilage findings. Although MRI arthrogram offers improved evaluation of the chondral surface, this technique has been shown to have a high false-negative rate, thus limiting its usefulness in identifying true articular surface damage. 28 Gadolinium-based biochemical MRI in the form of delayed gadolinium-enhanced MRI of cartilage has now been established as an important modality in articular cartilage imaging. Negatively charged gadolinium contrast is administered intravenously and there is an uptake in hyaline cartilage at an inverse proportion to the GAG content. Degenerated cartilage contains less GAG and the concentration of infiltrated gadolinium will be high compared with the relatively low amount that accumulates in healthy cartilage. Thus, T1 MRI measurements can give an indirect reflection of the underlying tissue charge and GAG content of cartilage which reflects chondral injury 2 ( Fig. 1) .
TECHNIQUE Hip Arthroscopy
We routinely perform hip arthroscopy in the supine position, although the lateral decubitus position has been described. 32, 33 We prefer the supine position because it allows easier use of the image intensifier and more straightforward instrument handling. A standard fracture table or a specialized hip arthroscopy extension on a regular operating room table can be used. Traction is placed on the lower extremities with both feet in stirrups or boots. A large padded perineal post is used to protect the pudendal nerve. Adequation traction typically requires 25 to 50 lb of force to distract approximately 1 cm. C-arm is used to confirm the amount of traction and for facilitation of portal placement. Portal placement includes anterior, mid-anterior, anterolateral, posterolateral, and peripheral portals. 31 Typically only 2 to 3 portals are needed, either mid-anterior and anterolateral or anterior, anterolateral, and posterolateral.
A mini-open technique which was first described as an alternative approach to hip arthroscopy uses a small 4-cm Smith-Petersen approach to the anterior hip joint. 34 This mini-open technique would be useful if more extensive procedures such as osteochondral allograft or autograft transplantation or ACI techniques were to be used instead of chondroplasty or microfracture.
Once the arthroscope is inserted, a complete diagnostic examination of the hip joint should be performed. The chondral defect, whether on the acetabulum or the femoral head is identified and the extent of the lesion is noted. If the chondral defect has adequate articular cartilage beneath the defect (ie, a chondral flap or partial thickness lesion), a chondroplasty should be performed. If the defect is Outerbridge grade IV and fits within the indications, a microfracture should be performed (Fig. 2) . In the case of chondral delamination in the setting of cam impingement, we will describe an alternative technique.
Chondroplasty
In the setting of a chondral flap with remaining articular cartilage under the defect, a chondroplasty should be performed (Fig. 3) . The chondroplasty should be performed carefully with a full radius shaver with or without arthroscopic biters or other instruments (Fig. 4) . Thermal chondroplasty has been described, but due to the potential of chondrocyte death should be avoided.
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Microfracture
The indications for microfracture of the hip are similar to the knee and include focal and contained lesions, typically less than 2 to 4 cm in size (Fig. 5) . Some authors have noted that lesions less than 400 mm 2 tend to respond better to microfracture than lesions 400 mm 2 or greater.
10
Other indications include full thickness loss of articular cartilage in weight-bearing areas and unstable cartilage flaps overlying intact subchondral bone. Although these indications are generally accepted for the knee, we apply the same criteria to the hip. Patients with degenerative joint disease of the hip can undergo microfracture if the degenerative changes are focal and not extensive enough to warrant total hip arthroplasty. Other considerations for performing the procedure include patient age, activity level, and the ability to comply with the postoperative rehabilitation protocol. Microfracture is more commonly performed in cases of cam impingement as the area of damage is usually more focal. Pincer lesions tend to have an area of rim chondrosis that can be completely removed during acetabular rim trimming. Any remaining subchondral bone can be microfractured, particularly when the chondral-labral junction is restored. In cases where there is remaining subchondral bone after an acetabular rim trimming and a partial labrectomy has been performed, we will still routinely attempt microfracture. However, as the clot may not longer be contained, the microfracture could fail. Contraindications to microfracture include partial thickness defects and those chondral lesions associated with a bony defect. Those patients who are unwilling to follow the postoperative protocol should not have this procedure.
Debridement of all remaining unstable cartilage from the exposed bone is completed using a full radius resector and curettes. Debridement of the rim surrounding the defect should be careful and meticulous. A ring curette is particularly useful for preparation of the defect and creating a smooth, perpendicular border. Debridement should remove the calcified cartilage layer; however, the integrity of the subchondral plate should be maintained. 7, 10 The edges of the lesion should be perpendicular to the adjacent unaffected cartilage to allow for the marrow clot to form more effectively (Fig. 6 ). For lesions of the femoral head, where the cartilage is thinner, an adequate border must be prepared to maintain the clot. After preparation of the bed, arthroscopic awls with an angle that allows the tip of the awl to be perpendicular to the subchondral bone FIGURE 6. Preparation of the defect using a ring curette.
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surface are used to make multiple holes (''microfractures'') in the exposed subchondral bone plate. Microfracture holes are made around the periphery of the bed first immediately adjacent to the healthy cartilage rim. As many holes as possible are created, leaving about 3 to 4 mm between each (Fig. 7) . Use of specialized and sharp microfracture picks is critical because of the concavity or convexity of the hip surfaces which prevents the picks from skiving. A depth of approximately 2 to 4 mm is usually sufficient to access marrow elements. With the irrigation pressure decreased, the release of fat droplets and blood from the microfracture holes can be observed (Fig. 8) . Once microfracture is complete, the instruments are removed and the intraarticular fluid is drained from the hip.
Carpet Delamination
The phenomenon of carpet delamination occurs with cam impingement and if the chondrolabral junction is intact, can be demonstrated by puckering of the articular cartilage when pushing down on the labrum. 20 One method of addressing the delamination is to perform an acetabuloplasty down to a stable edge or a combined acetabuloplasty with a microfracture. Sekiya et al 37 also described a technique of suturing the delaminated cartilage. However, in cases where mild dysplasia exists or where resection of the acetabulum may not be feasible, we have developed an alternative method in the effort to prevent the cartilage from debonding further.
Using a rasp and elevator, we elevate the synovium and capsule behind the labrum to give a bleeding bed of bony attachment on the acetabular rim. As the labrum is attached to the debonded cartilage, we secure and slightly recess the labrum to the acetabular rim. This has the effect of affixing the area of delaminated cartilage back down to subchondral acetabular bone. Using flexible K-wires or needle-point nitinol wires with the zone-specific meniscal guides as conduits, we drill multiple holes through the articular cartilage into the subchondral bone as we would an osteochondritis dissecans lesion. This method may allow ''rebonding'' of the delaminated cartilage, although we have not yet performed any second look arthroscopies to see whether this is the case. This method has recently been performed in 3 patients with no long-term follow-up and good preliminary results.
Postoperative Management
The portals or incisions are closed in standard fashion, and sterile dressings placed over the wounds. The patient usually is discharged the same day but may stay overnight to allow for optimal pain control and to start physical therapy. 7, 10 Postoperative management of the chondroplasty or carpet delamination patients follows the protocols published earlier. 38 Postoperative management of the hip microfracture patient parallels that of knee microfracture. Great care is taken to maintain the marrow clot, and thus the ideal environment for appropriate healing. A continuous passive motion machine is used throughout the 8-week period. Crutch-assisted touchdown weight bearing is maintained for 6 to 8 weeks, with advancement to full weight bearing after 8 weeks. Initial physical therapy consists of passive motion progressing to active-assisted motion and eventually active motion with particular emphasis on regaining hip internal rotation. The early phase of physical therapy should focus primarily on achieving range of motion. This phase is followed by an emphasis on muscular endurance. The last phase of therapy focuses on the return of power and strength. Stationary bicycle exercises without resistance are begun in the immediate postoperative period. Cryotherapy is also used in the immediate postoperative period to provide pain relief and to decrease the inflammatory response. Impact sports are delayed until at least 4 to 6 months postoperatively.
DISCUSSION
In their report after arthroscopy of 457 hips during a 6-year period, McCarthy and Lee 39 found that most chondral injuries were associated with a torn acetabular labrum. The anterior acetabulum was affected in the majority of hips (59%). Chondral injury was noted in the superior acetabulum in 24% and the posterior acetabulum in 25% of the patients in this series. Seventy percent of anterior acetabular chondral lesions were Outerbridge grade III or IV, whereas only 36% of all posterior and 27% of all superior acetabular defects were graded III or IV.
To date, outcomes of microfractures in the knee have been reported much more extensively than in the hip and have been generally good. 6, 7, [10] [11] [12] There are very few 40 published on 9 patients undergoing revision hip arthroscopy who had previously undergone microfracture. The average percent fill of the acetabular chondral lesions at second-look was 91%. Eight of the patients had grade 1 (indistinct borders of lesion and normal surrounding cartilage) or grade 2 (mild fibrillation, discolored, and softer-than-normal) repair product at second-look. The one patient who had only 25% fill and grade 4 (continued exposed subchondral bone) repair product had diffuse osteoarthritis of both the acetabulum and femoral head at the index procedure. Their results show that microfracture of the hip can produce adequate tissue coverage, but they did not report any outcome measures or data on functional return to activities.
Byrd and Kay 41 reported their results with microfracture of grade IV chondral defects of the hip in a series of 21 patients with a minimum follow-up of 2 years. Twenty-one patients underwent microfracture of the hip. The average size of the lesion was 12.2 mm 2 , and the average age of the patient was 35 years. At the 2-year follow-up, 86% of the patient had improved and no complications were reported. The mean postoperative modified Harris Hip Score (mHHS) was 75.2. In 2002, Byrd and Jones 42 reported on 9 patients with an inverted acetabular labrum. Three of these patients were treated using the microfracture technique for well-circumscribed lesions. At a minimum 2-year follow-up, those patients who underwent microfracture were the only patients to return to a level of activity higher than simple activities of daily living including martial arts, horseback riding, and fitness activities.
Byrd and Jones 43 also recently reported his results after 10 years. Addressing chondral lesions had a 19-point improvement in the mHHS, but jumped to 38 points when patients with arthritis were excluded. This suggests that the results of arthroscopic management of chondral lesions without the presence of arthritis are quite encouraging. In another report on the treatment of 207 cam lesions with femoroplasty with 2-year follow-up, the increase in mHHS was 20 points with 83% of patients improved. 44 Fifty-eight patients also additionally underwent microfracture with an average 20-point improvement as well. Although it is unclear whether microfracture resulted in a more favorable outcome compared with chondroplasty alone, the authors conclude that there were no adverse consequences having performed microfracture.
McCarthy et al 45 described a cohort of 10 elite athletes that underwent hip arthroscopy for a variety of diagnoses. Of these, 4 patients had chondral injury on the acetabular side of the joint that underwent an unspecified treatment. All 10 athletes returned to compete in their sport. Farjo et al 46 evaluated 28 hips that underwent arthroscopy for acetabular labral tears with a minimum follow-up of 13 months. They found that patients with degenerative changes noted either radiographically or arthroscopically, either on the femoral or acetabular chondral surface, had a significantly worse outcome.
In patients with diffuse osteoarthritis of the hip, results have been poor even with microfracture. Philippon et al 47 reported that patients with less than 2 mm of joint space measured on a supine AP radiograph were 39 times more likely to undergo a total hip arthroplasty within 2 years of arthroscopy. In the setting of osteoarthritis, our recommendation is consideration of hip arthroplasty.
CONCLUSIONS
Cartilage injuries of the hip have multiple sources of etiologies ranging from osteoarthritis, rheumatologic or other diseases, and FAI. The treatment of these cartilage injuries mirrors that of the knee. Partial thickness lesions are treated with chondroplasty and full-thickness lesions are treated with microfracture. The case of delamination of acetabular cartilage in the setting of a cam lesion has unique challenges. Although the fibrocartilage from microfracture may be stable and durable, long-term survival needs to be studied.
As the experience with hip arthroscopy expands, so, too, will the ability to recognize the various injury patterns to the chondral surfaces of the hip. As our understanding of the pathologic processes contributing to chondral injury of the hip joint improves, perhaps we will be able to intervene preventing the progression to osteoarthritis.
